Introduction
Higher performance and long-term durability of electrocatalysts are essential for polymer electrolyte fuel cells (PEFCs), where electrocatalyst support materials act as a very important role. In this study, as alternatives to the conventional carbon black catalyst support, semiconducting oxides and carbon nanofibers have been applied. Colloidal impregnation procedure was applied to prepare highly-dispersed Pt catalysts on such support materials.
Thermochemical Stability of Electrode Materials
Thermochemical calculations were applied to derive pH-potential (Pourbaix) diagrams for almost all elements. Stable substances at 80 °C under the PEFC cathode condition are shown in Fig. 1 2 , were prepared and their nanostructure, electrochemical surface area (ECSA) and durability under high potential conditions were evaluated and compared. Voltage cycling up to 10,000 cycles between 0.6 and 1.3 V RHE was applied for the electrocatalysts. These results indicate that SnO 2 -based carbon-free electrocatalysts may improve long-term durability of PEFCs against voltage cycling [1] [2] .
I-V characteristics of single cells with Pt/C or Pt/SnO 2 as the cathode catalyst are shown in Fig. 4 , for which the identical preparation procedures and a simple MEA structure (e.g. without MPL) were applied just for comparison. Sufficient performance comparable to that of the conventional cell with Pt/C was achieved using Pt/SnO 2 as a cathode catalyst.
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Pt electrocatalysts Supported on Various Carbon Nanofibers
As the colloidal impregnation was useful to prepare highly-dispersed Pt electrocatalysts on carbon black and other support materials, this procedure was also applied for carbon nanofibers with various crystallographic structures illustrated in Fig. 5 . Table 1 shows Pt crystallite size on various carbon nanofibers, determined by XRD. We have found that the colloidal impregnation was suitable for preparing nanocrystalline electrocatalyst particles on various carbon supports.
Tubular Herringbone Platelet
Cross section Cross section Cross section FESEM micrograph of Pt electrocatalysts supported on tubular carbon fibers (nanotubes) is shown in Fig. 6 . Pt particles were a few nm in diameter, but their distribution was rather inhomogeneous. It can be considered that high dispersion of Pt catalysts on carbon nanotubes was still difficult even using this colloidal process. Fig. 7 shows FESEM micrograph of Pt electrocatalysts supported on herringbone-type carbon nanofibers, in which their graphene plain is tilted ca. 45° from the fiber direction. It has been found that homogeneity of Pt distribution was improved, whereas no Pt particles existed on some parts of fiber surfaces. Fig. 8 shows FESEM micrograph of Pt electrocatalysts supported on platelet-type carbon fibers. We can clearly find that Pt particles are distributed homogeneously on the surface of this carbon fiber. This impregnation process was also applied to vapour-grown carbon nanofibers (VGCF). We have succeeded to prepare nanocrystalline Pt catalysts on the fibers of this type, as shown in Fig. 9 [3]. Table 2 shows effective surface area of the Pt electrocatalysts, determined by CV. These well-dispersed Pt electrocatalysts possess comparable effective surface area to the catalyst on the state-of-the-art carbon support (Vulcan). Pt catalysts especially on VGCFs and on herringbone-type fibers exhibit higher effective surface areas. In addition, kineticallycontrolled current density of Pt catalysts on VGCFs and on herringbone-type fibers was also higher, compared to that on the other types of carbon fibers. In order to demonstrate the feasibility of Pt electrocatalysts supported on carbon nanofibers, PEFCs were prepared using such electrocatalysts. Fig. 10 shows the cross section of the electrocatalyst layers with VGCF support, exhibiting a typical microstructure with conductive fiber network and open porosity. We have obtained I-V characteristics of such PEFCs at 80 °C, exhibiting a high electrochemical performance, while long-term durability should be controlled and optimized because Pt nanoparticles on such carbon nanofibers tend to agglomerate. 
Summary: Electrocatalyst Design from Catalyst Support Materials
Among (semi)conducting oxides, (relatively inexpensive) SnO 2 -based oxides exhibit a satisfactory durability against voltage cycling, so that such materials may be applied as alternative catalyst support materials, in order to improve the durability of PEFC systems. Other oxides may be interesting to be tested in a future. Carbon nanofibers are also interesting materials as catalyst supports to prepare electrocatalyst layers with highlyconductive network structure and open porosity, for which the catalyst support stability and the homogeneous dispersion of Pt nanoparticles should be simultaneously optimized.
